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Grain  iloistui'e  Deternination 


Karl  Fischer  Method 


Apparatus: 

1.  Stein  Hill  equipped  vitli  condenser  tube,  (The  condenser 
serves  tno  purposes;  (l)  to  c'ondense  the  vT-pors  dur’inj 
gri-iclnj,  (2)  as  a necns  of  addinj  nethcnol  after  the  dry  :p7ind). 

2.  Dual  autoiiiatic  titration  setups.  Consists  of  reservoirs, 
burettes  ond  dryinj’  tubes. 

3.  Electrometric  titration  setup.  Any  of  the  conmerciall;/  avail- 
able models  csn  be  used,  or  an  arrcnpenent  as  slior.Ti  in  Fig.  1 
can  be  easily  assembled.  In  this  laboratory  a circuit  contain- 
ing a 3~volt  batter^r^  toggle  snitch,  750^000  olim  resistor  and 

a T/eston  Model  440  microammeter  in  series  nith  the  electrodes 
is  used. 


4.  Hydrometer  jars,  100  ml.  One  jar  is  needed  for  each  titra- 
tion carried  out  in  any  titration  period. 

5.  Pan  or  cup  to  fit  around  Stemi  Hill  cup. 

6.  Hagnetic  Stirrer. 

Reagents; 

1.  Methyl  Cell r. solve.  Purified  or  also  :aiOT;n  as  Eihjrlene  Glycol 
l'onc;iethyl  Ether,  Purified  (Fisher  Scientific  Co.) 

2,  P;jn'idi. '.0 , A.C.S.  Reagent  Grade, 


3.  Sulfur  Dio:dde,  Anliyclrous. 

4.  H.eth'?,nol,  Absolute,  3aJ:er  Analyzed  Reagent, 


5. 


Karl  Fischer  Reage.l . 
it  cm  be  pre>^a.red  by 
as  fo lions; 


(l.F.R.)  - Available  commercially  or 
the  method  of  Peters  and  Jungnicl'el  (3) 
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For  e?,ch  liter  oi  solution  to  be  niade  irox  in  a suitable 
size  f]r>.sl:  4^5  C.  P.  pyridine  snd  425  ini,  of  aiTlij/’drous 

liethyl  Cello  solve.  Tare  the  flas’-.:  v.'hile  stoppered.  Add 
9C  of  su3-frr  dio:d.de  r^,s  (or  70  rol.  of  liquid  SO2) 
while  the  flasl:  is  iinmersed  in  an  ice  bath.  Insert  a 
plu^  of  cotton  in  the  neck  of  the  flask  surrounding  the 
delivery  tube  and  tvn.rl  or  shake  continuousl^r  during  the 
addition.  As  the  end  of  the  addition  is  neared  the 
solution  tallies  on  a sonewhat  yellowish  color.  The  flask 
should  be  large  enough  so  that,  in  the  event  an  excess  of 
sulfur  dio:d.de  is  added,  there  will  be  room  to  add  the 
calculated  amoiuits  of  the  other  ingredieiits  to  bring  the 
solution  to  the  correct  pro po id. ions.  V7ith  the  flask  still 
immersed  in  ice  \7ater,  add  133  g.  of  C,  P.  iodine  slowly 
\7ith  shalcing  after  each  snail  addition, 

6,  Standard  ■'.Tader-in-methanol  solution,  (S.I7.S.),  - This  is  prepared 
according  to  the  method  of  llitchell  end  Sniith  (2).  One  milliliter 
of  the  S.V/.S,  should  contain  approximately  5 of  vfater.  It 
should  be  either  discarded  or  restando.rdized  at  frequeht  intervals, 
It  is  prepe.red  in  the  follouinf  ms.nner,  Pipet  5 of  water  Lito 
a 3JLter  volumetric  flask.  Fill  to  the  mark  with  methanol  and  mix 
thorou^ly.  Methanol  from  the  sa-ne  container  must  l^e  used  in 
standardizing  the  solutions. 

Use  the  foUorjing  procedure  in  the  standardization.  Transfer  the 
solution  to  the  8,17,3.  burette  reservoir.  Add  5O  of  methanol 
to  the  titration  cell  and  titrate  to  end  point.  Then  add  20  ml, 
of  K.F.R.  from  the  burette  and  titrate  rdth  S.W, S,  to  a new  end 
point.  Calculate  the  niL.ber  of  milliliters  of  X.F.R.  required  to 
react  with  50  ml.  of  methanol  and  with  1 ml.  of  S.W.S.  Duplicate 
titrations  should  check  to  0,01  ml,  Tl'ie  method  of  maldng  the 
calculations  is  explained  by  using  the  following  specific  example. 
In  a standardization  it  is  found  that  50  ml,  of  methanol  reacts 
vdth  280  ml,  X.F.R.  and  that  22,47  ml.  of  X.F.R,  react  vd.th 
21.20  ml,  of  S.V/.S,  Therefore: 

1 md.  S.17.S.  f V-  22,47  - 1.06  ml,  X.F.R.  ! 

21.20  “ 

Milliliters  of  X.F.R,  recuired  to  titrate  IS *15  ml,  methanol 
z 49.75  :c  2.80  r 2.79  ml. 

5^5 

(For  practical  purposes,  50  ml.  S.7/.S.  contain  49*75  ml, 
of  methaiiol  and  .25  ml,  of  v/ater). 

Milliliters  of  X.F.R,  required  to  titrste  5O  ml,  of  S.V7.S. 
z 50  X 1.06  z 53.00  jid. 


ililliliters  of  •'.7ater  axided  to  50  f-il.  of  S.'T.S  — ,25  ini 


uiliiliters  of  II.F.R.  reouired  to  titi*ate  1 j.  of  v;ater 

Z 53.00  - 2\T9  r 200,64  ml. 

•25 


Vfaber  in  50  ml,  S.:t,S 
Vfater  in  1 ml.  S.17. 
1 oi.  :;.F,?u. 

“VJ" 


r_».00  - .2639  g. 
200; 84 

S =_^2(^  ; .0053  g. 

.0053  - .0050  g.  H,0 
1.06 


In  tills  laboratory  it  has  been  found  :.iore  convenient  to  prepare 
standard  r:ater  solution  in  one-liter  quantities,  Tnis  anount  lasted 
about  2 neelis  and  did  not  have  to  be  re  standard! zed  duriiio-  that  tirae. 

In  case  it  is  desired  to  prepare  a large  vo1ui;js  rhich  •;;ould  require 
restrndardization  rt  intervals^  the  follorjing  aetliod  of  restandardizatio 
cculd  be  folloT.-ed,  Titrate  a IuIotti  rrciglTt  of  sodium  tartrate^  dihydrate 
(l)  iTith  II.F..R,  Calculrte  the  titer  of  the  IhF.R,  frcn  the  laioarn 
T/ater  co*itent  of  the  salt,  Tnen  titrate  the  S.I7.S,  v.dth  K,F,R,  and 
calculate  its  nater  concentration. 


Procedure : 

ITei'h  10  g,  cf  grain  nith  an  r.ccuracy  of*  .005  g.  Grind  in  the 
Stein  Ilill  for  at  lers*o  3.  rdiutes.  Add  200  :xL.  of  methonol  through 
the  condenser  tube  'nd  grind  for  5 r-iinutes  more,  Ct'oI  the  cup  bjr 
iixiersion  in  a pen  of  cold  rrater  nithoub  detaching  the  cup  from  the. 
mill.  Remove  cup  from  nil?,  'nd  immediately  deca-it  into  an  h^'-dro- 
neter  jar,  stopper  rnd  cllom  to  stm.d  u‘'_til  suspended  natter  has 
settled  to  the  bottom  (5  to  15  r;dnutes  depending  on  the  material  tested). 
Pipet  a 20-rml.  aliquot  into  the  titration  ceil,  add  40  rjl.  of  nethcnol, 
and  titrate. 


1 the  folio- :inv 


Carr^’*  out  the  dead  stop  bad:  titration  procedure  (A,  5) 
na.:xicr.  Uith  the  magnetic  stirrer  in  operation  rnd  the  s^.-itch  in  the 
electric  circuit  to  ”on, ’*  add  II.F.R.  from  the  burette  imitil  the  electric 
current  reaches  its  ma-dxrn.  value  aid  does  not  recede  mlien  addition  of 
l.F.R,  is  disc  mot inued.  Add  S,'7,3.  drop  by  drop  until  the  current 
decreases. 


Blohl:  determinrti''ns  on  the  nethen-''!  sh'“".ld  loe  r'ade  at  each  titrat'mn 
period.  Titrate  50  ml,  of  methanol  in  the  u.sual  and  co.lcu.lrte  the 
milliliters  of  h,F,?w.  required  to  react  * ith  60  ml.  of  metiianol  (the 
volvsie  used  in  the  deteruiination). 


I' 


process  sufficient  heat  is  generated  to  m!oe  the 
brass  parts  of  the  r.iill  rnd  the  copper  condenser  act  as  catalysts 
for  the  o:ddation  of  sowe  of  the  iaethanol  r.dth  the  production  of 
formaJ-dehyde  aixl  vrater.  It  is,  therefore,  necessary  to  run  a blank 
titration  on  the  solvent  after  it  has  been  used  in  the  rnill.for  the 
sajiie  len^h  cf  time  as  the  ^rindin:^  of  the  sample.  Tliis  blanlc  is 
constcnt  end,  once  it  is  established,  its  determiiv'.tion  need  not  be 
repeated  before  each  titration  period. 

Since  the  K.F.R.  deteriorates  slowly,  it  is  necessary  to  determine 
its  titer  each  time  it  is  used. 

The  calculations  involved  in  a titration  ax-e  explained  by  moans  of 
the  foJloxTLng  specific  example.  In  a cesrtain  moisture  detennination 
on  a sample  of  grain  the  following  data  applied: 

1 ml.  S.n.S.  1,06  ml,  K.F.R, 

"\r 

1 ml.  K.F.R.  ,0050  g.  HoO 

60  rfll.  methanol  •-  3,00  ml,  K.F.R. 

or 

Constant  correction  0,20^  H2O 

20,00  ml.  K.F.R.  used  in  direct  titration 

0.16  fill,  S.H.S.  used  in  back  titration 

Percent  of  crater  ^ [I005O  (20,00  - 3.00-0,16  x 1.06^ x 100u,20  = 8.2i 
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Figure  1 


Schematic  Drav/ing  of  Titration  Assembly 


